transgenic sequence, leaving only the insignificant residue of the right and left border sequences from the transformation event and a single recombinase recognition site (Fig. 1C) in the host genome. After the transformation of maize embryos, we were able to obtain 268 supposedly independent lines. 28 lines could be identified as single copy events. After the heat shock application 10 lines showed full excision of the spacer fragment in Southern blot experiments. After crossing the pollen from those lines into the maize inbred line A188, three crossing events showed extreme deviation from the Mendelian segregation. One line even achieving a transgene excision efficiency of 100% in the following generation.
Introduction
There are several recombinases, which are able to induce changes in the structure of a transgenic sequence in vivo. The most commonly known are the Cre/loxP system of Bacteriophage P1 (Sternberg & Hamilton 1981) , the FLP/FRT system of Saccharomyces cerevisiae (Broach et al. 1982 ) and the R/RS system of Zygosaccharomyces rouxii (Araki et al. 1985) , although a variety of other usable recombinases exist (Nern et al. 2011) . These enzymes belong to the tyrosine recombinase family and have highly specific recognition sites, which compose of palindromic inverted repeats of 12-14 bp and a spacer sequence of 7-8 bp. These enzymes are able to either invert or excise sequences between recognition sites as part of an intramolecular recombination, but also to perform an intermolecular site-directed integration of DNA, depending on the orientation and type of recognition sites. These properties have been reported in several plants (Lyznik et al. 1993 -for an overview, see Wang & Yau 2011) and are also wildly known in the field of genomic engineering with mammalian and drosophila cells as well as several prokaryotes (Kolb 2002) . General considerations for the use of recombinases and the use of variable constructs should be the right choice of promoters, regulating when or where which recombinase should be active (Van Ex et al. 2009 ). For an effective and reliable recombination, the codon usage and G/C content of the gene should be adapted from the host organism to ensure gene expression (Song & Niederweis 2007) . Also detrimental effects of the recombinase like chlorosis, growth aberration and even sterility could be observed in tobacco, petunia and tomato (Coppoolse et al. 2003) .
Excision of marker genes and transgene confinement
In the last twenty years there have been several successful attempts of marker gene excision in a variety of plants (Russell et al. 1992 , Dale & Ow 1992 , Kerbach et al. 2005 , Darbani et al. 2006 , Gidoni et al. 2008 . While the first attempts of marker excision were carried out with constitutive promoters, the last five years have brought a shift to a finer regulated on demand activation of the marker excision. For example, the use of either an inducible Drosophila heat shock promoter in potato (Cuellar et al. 2006 -ex- cision rate up to 14%), the salicylic-acid inducible promoter from tobacco in tomato (Ma et al. 2008 -excision efficiency of 41%) or a tissue specific promoter like NTM19 (microspore specific) from tobacco (Mlynárová et al. 2006 -excision failure rate of 0.024 %) leads to the activation of the recombinase and the highly effective excision of genes. Due to the general design of these constructs, they are only suited for a specific application or plants which can be held as scions in laboratory dimensions like tobacco or poplar. For breeding and in field application of grassy plants, a different and generally applicable type of constructs is needed. As a new approach, we created constructs which are composed out of two separate units (Fig. 1) . One region transfers a certain set of traits to the plant and is used for transgene selection. The second unit controls the heredity of a transgene by seeds. This is achieved through a combination of inducible and germ line specific regulation of recombinase expression. These constructs were introduced into the maize genome, by means of Agrobacterium-mediated transformation. Screening of transgenic lines was performed and seeds were produced from the different lines. After the seeding of T1-plants, the inducible recombinase was activated via heat shock. The expression of the recombinase was monitored through RT-PCR and Western blot (data not shown), while the spacer excision of the recombinase and its promoter (Fig. 1A) was confirmed using Southern blot experiment (Fig. 2) . The loss of an intervening sequence between recombination sites for the first recombinase resulted in the reduced size of the hybridization product (Fig. 1B and Fig. 2 lines 288 and 3440) . After the removal of the spacer sequences, a tissue specific promoter sequence is brought in front of the second recombinase. In this confinement approach the pollen specific ZmMADS2 promoter (Schreiber et al. 2004) was used, which would lead to an activation of the second recombinase during pollen development. This recombinase excises the (Fig. 1C) in the host genome. After the transformation of maize embryos, we were able to obtain 268 supposedly independent lines. 28 lines could be identified as single copy events. After the heat shock application 10 lines showed full excision of the spacer fragment in Southern blot experiments. After crossing the pollen from those lines into the maize inbred line A188, three crossing events showed extreme deviation from the Mendelian segregation. One line even achieving a transgene excision efficiency of 100% in the following generation.
To verify the removal of transgenic sequences from the host genome we crossed pollen from fully activated lines into inbred A188 maize lines. Fourteen days after pollination The construct composes out of two selectable marker genes, bar and uidA, for the selection of transgenic plants and offspring. The excision of the transgenic sequences from the host genome is interrupted by a spacer sequence, which is flanked by FRT sites. The spacer sequence is made of the FLP recombinase and the GmHSP 17.5E promoter from soy bean (Czarnecka et al. 1985) , regulating the activity of the FLP recombinase. On the 5´ end of the spacer sequence the pollen specific promoter ZmMADS2 is located. Following the spacer sequence on the 3´ side is the Cre recombinase. After the transformation of the dormant construct (A) the activation of the constructs is induced through the application of a heat shock, leading to the expression of the FLP recombinase and the excision of the spacer sequence. This brings the pollen specific promoter in regulating distance to the Cre recombinase (B). After the developmental activation of the ZmMADS2 promoter the Cre recombinase is expressed in pollen. This will excise the whole construct, leaving only one framing loxP recombinase recognition sites in the host genome, rendering the phenotype of the T2 -progeny wild type (C). The black arrows show relevant primer binding sites, Dig-cre fw and Dig-cre rev, for the construction of a labeled probe for the determination of heat shock activation (A) and (B). The primer binding sites T1F and T1R were used to confirm the excision of the construct (C). the kernels were harvested and the immature embryos isolated. After the germination of the embryos in tissue culture the small seedlings were transferred into soil. After a few days histological GUS-staining of leaf tissue was performed (data not shown) to screen for significant deviations from Mendelian inheritance pattern. Genomic DNA was isolated from lines showing a highly significant amount of non-transgenic phenotype offspring (> 70%) to verify the excision on a molecular basis. For this primers were designed at the borders of the construct (Fig.  1C -black arrows) . In case of an excision event a PCR should lead to a 450 bp fragment (Fig. 3) , which was isolated and the final excision proven through sequencing.
Cassette exchange and site directed integration
The integration site of transgenic sequences into the host genome, mediated by Agrobacterium is supposed to be favorably in AT-rich regions, as it was shown for tobacco (Gheysen et al. 1987) , Arabidopsis (Mayerhofer et al. 1991) , rice (Takano et al. 1997) and poplar (Kumar & Fladung 2002) . Despite this, the expression of genes in those regions may still differ greatly from one transgenic line to another. The insertion of certain traits into a well defined region is already possible in animal cells and fungi (Smithies et al. 1985 , Thomas & Capecchi 1987 , Capecchi 1989 , Hinnen et al. 1978 , De Lozanne & Spudich 1987 , due to their ability of homologous recombination. A highly effective method for the targeted integration of transgenic sequences via homologous recombination into the genome of higher plants is not yet available, although a lot of research has been committed (Paszkowski et al. 1988 , Puchta et al. 1995 , Salomon & Puchta 1998 ). An available alternative is the site-specific integration of transgenic sequences or cassette exchange via recombination (Vergunst & Hooykaas 1998 , Araki et al. 2002 , Fladung & Becker 2011 . To achieve this, double transgenic poplar lines were developed carrying one transgenic sequence with an inducible FLP recombinase (Fig. 4A ) and a second integration event with the target sequence (Fig. 4B) . After the transformation, the cassette exchange was induced via heat shock treatment, the leaf tissue crushed and the regenerating calli were screened for successful expression of the target gene (Fig. 4C) . The site-directed cassette exchange led to the expression of a hygromycin resistance marker gene, which could be readily selected on regeneration media in a frequency of up to 7.4% (Fig. 5 -Fladung et al. 2010 ). Higher cassette exchange frequencies of up to 44% could be shown in Arabidopsis using the Cre/loxP system (Louwerse et al. 2007 ). With the possibility of a site-directed integration or recombinase mediated cassette exchange one can circumvent the extensive work of determining high expression lines for every new construct. After the construction of an acceptor line, with a thoroughly characterized integration site, new constructs could be precisely inserted through site-directed insertion or cassette exchange mediated by a site-specific recombination. The expression of a new construct could be easily predicted and would not be subject to great variability. This could be carried out through the construction of new transgenic lines, which would be crossed into the acceptor line. The transgene transmission could be realized in the resulting hybrid plants and genetically purified through back crosses. Another alternative would be the transient or stable retransformation of the acceptor line with the integration construct, followed by a cassette exchange.
Inducible gene expression and induced RNAi in plants

Induced gene expression
Tissue specific expression of genes for the accumulation of certain products has been successfully used in different plants. For example the production of resveratrol, which is supposed to have beneficial effects on human health, has been carried out in barley (Leckband & Lörz 1998) and in oilseed rape (Hüsken et al. 2005) . But the conditional expression of certain substances can lead to unexpected effects on the development of the plants, due to substrate competition and physiological strain (Fischer et al. 1997) . To circumvent such effects, especially when the expression is supposed to take place in the reproductive organs of the plant, the transformation can be carried out with an inactivated construct (Fig. 6A ). This will only transfer an active selection marker resulting in minimal physiological strain for the plant during the breeding process. After the successful breeding, the activation of the construct (Fig. 6B) will lead to the conditional expression of the desired product, while possible negative side-effects can be ignored. The first successful induced expression experiments have been carried out, with a gfpsequence fused to a maize-peroxidase gene. To verify the feasibility of the constructs, maize embryos 14 days after pollination were transiently transformed through particle bombardment. After the transformation the embryos showed no GFP-signal (Fig. 7A) . The induction of the constructs leads to the excision of the spacer region followed by an expression of the fusion protein shown as GFP-signals in transformed cells (Fig. 7B) . These data demonstrated the viability of this approach for conditional protein expression in plants.
Induced RNAi
RNAi has been used widely and successfully for genome analysis in several different plants. In most constructs a promoter is followed by a sense and antisense sequence of the gene of interest, devided by a spacer or an intron (Waterhouse et al. 1998 , Smith et al. 2000 . Due to the large homologies in the vector, sequence cloning and construction can be quite complicated. Efforts have been made to make the cloning of RNAi-constructs easier for high throughput application (Wesley et al. 2001 ), but still the issue of homologue sequences remains unsolved and can be quite troublesome. Furthermore, can the construction of mRNA-RNAi libraries be hindered by the development of lethal effects or phenotypes in the plants. To overcome all those limitations on RNAi, our group has adapted the opposing-dual promoter system iForest (2012) 5: 131-137 from fungi (Mette et al. 2000 , Schmidt et al. 2012 ) for easy cloning. To circumvent lethal or detrimental RNAi-effects the transformations are carried out with inactivated constructs (Fig. 8A) . After the successful transformation, the RNAi constructs are specifically activated through a heat shock, which will excise a spacer fragment (Fig. 8B) . After the excision of the spacer a constitutive promoter will be in front of the second recombinase. This leads to the expression of the second recombinase, which will deliver the complement promoter in activation range to the RNAi sequences (Fig. 8C) . The expression of complementary RNA strands initiated through both promoters results in the formation of double stranded RNA, which will induce the RNAi-effect. The feasibility of the opposing promoter system for RNAi could be shown for tobacco (Schmidt et al. 2012 ) and poplar (Fladung M, personal communication) .
Conclusions
The use of recombinases in our constructs has facilitated a variety of new possibilities. The transformation of inactivated constructs leads to the real autonomy of the transformation process and the following transgene effect on the plant, in contrast to tissue specific or conditional expression. After the transformation of plant material transgenic lines can be bred and seeds obtained, containing a dormant construct. This separation allows researchers to induce certain traits in the plants and study the following effects without concerns for the viability of the transgenic line or the risk of destroying valuable seed material. This is of special interest for the field scale application as a confinement strategy, where the breeding and crossing of transgenic sequences into different lines is necessary, but stands in harsh contrast to the need for a reliable and highly effective excision during the germ-line development. Another great advantage arises for basic studies in plants. The simple but effective cloning strategy enables researchers to create whole mRNA-RNAi libraries, where potentially lethal RNAi effects can be transformed and bred. The effects of the RNAi can be studied in detail and at any time during development after the activation of the constructs. The same applies for the induced expression of proteins. The conditional expression of certain proteins leads to an enormous physiological strain and might have a negative effect on the plants in general or the fertility of the expression lines. Furthermore, will the construction of so called acceptor lines enable the researcher to circumvent the laborious Validation of the inducible expression. 14 days after pollination maize scutellum underwent heat shock treatment after biolistic transformation with the expression constructs (Fig. 6A) . Left: scutellar tissue without induction, right: tissue 24 hours after a heat shock treatment, showing the expression of a GFP-peroxidase fusion protein. 
Outlook
The major setback of the inducible constructs is the lacking of non-leaky and reliable inducible system which performs in field scale applications. While a set of inducible promoters are available, the majority are only suited for scientific approaches. Inducible promoters either require the application of chemicals, which might be scorned at in field trials or depend on a certain physiological strain, which imposes problems in large scale impulse response. Furthermore, most inducible promoters are activated by a variety of factors. For several heat shock promoters it was shown that a variety of impulses, such as heavy-metal levels, were able to induce an expression. This instability will pose problems in the premature or improper activation during field application depending on the environmental circumstances. On the other hand, the large scale application of hormone or chemical solutions is not very accurate and the achievement of inducing concentration might be compromised, not considering environmental or public health concerns. The answer might lie in the development of synthetic promoters or the adaption of bacterial promoters for the use in plants. The most desired traits for such an inducible promoter are the specificity and irrevocability of the signal. It is supposed to be exclusive, easy to impose and should lead to a high gene expression without severe harm for the plant. Another future aspect of recombinase depending approaches is the search for new reliable enzymes. There have been a lot of new findings and developments on this field, clearly showing that some of the recombinases are not suited for every host system. High expression levels of the Cre-recombinase leads to malformation in Drosophila optical cells and is supposed to have pseudo-recognition sites in the murine and human genome. Therefore the variety of different recombinases which are available should be thoroughly tested for their applicability in the possible host organisms. Even enzymes with a very low activity but high specificity can be adapted for different plants after optimization of codon usage and adaptation on the host. The variety and exclusiveness of recombinases throughout the different species, as well as the modification and adaptability of their recognition sites, turn recombinases into a powerful tool in next generation biotechnology of plants. Consequentially, new and more complex constructs will be derived with the different possibilities of integration, inverting and excision all carried out in one construct. This gives rise to highly complex constructs, which will lead to a tightly monitored and predictable transgene expression, not following the unchecked expression design of previous vectors.
